The pre-slaughter mortality was investigated on broilers, in the Mediterranean climate condition, considering the most significant risk factors as the journey length, waiting time, season and the space allowance in cages. At first, the pre-slaughter mortality was studied considering the totality of birds and then by examining in detail three broiler categories: large, medium and small size. The average dead on arrival (DOA) recorded on the totality of birds throughout the year was 0.38% and the values obtained in winter, spring, summer and autumn were 0.52, 0.48, 0.31 and 0.22%, respectively. The mortality rate observed during the year was 0.52, 0.47 and 0.31% for large, medium and small broilers, respectively. In all three groups, the maximum values of mortality were obtained in winter, whereas the minimum ones were recorded in autumn, spring and summer for large, medium, and small size birds, respectively. The increase of journey length could cause a higher mortality rate whereas the increase of the waiting time in the facilities at controlled environmental conditions did not seem to be a risk factor, but rather a mean to reduce the number of dead animals (all P < 0.05). It is concluded that the resistance to the hostile weather conditions, long journeys and extended waiting times was strongly related with the body weight of broilers; therefore, the planning of the slaughtering activity should consider this aspect, in order to avoid animal suffering and the economic loss.
Introduction
In the last day of their life, broilers are caught manually or with mechanical systems, put into the cages, loaded into the trucks and transported to the slaughterhouse to be sacrificed. All these operations can compromise the welfare, the health and the survival of animals. Catching machines are advantageous with regard to the cost of labor and they may also reduce damages to poultry (Knierim and Gocke, 2003) , but there are contradictory reports if the manual or mechanic method is to be preferred (Schwartzkopf-Genswein et al., 2012) . Indeed, some authors (Chauvin et al., 2011; Kittelsen et al., 2017) identified mechanical catching as a possible risk factor for broiler mortality. The incorrect practices of handling and transport can increase the incidence of dead on arrival (DOA) or rather the number of animals died between the catching and the slaughtering. The DOA is not considered only an indicator of welfare during catching, loading, transport and unloading but it also represents an economic loss (Ritz et al., 2005) . In this regard, surveys conducted on broilers in different parts of the world show average rates of DOA between 0.11 and 0.46% (Gregory and Austin, 1992; Alshawabkeh and Tabbaa, 1997; Nijdam et al., 2004; Vecerek et al., 2006; Jacobs et al., 2017) .
The EC Regulation No 1/2005 provides the recommendations regarding the protection of animals during the transport and related operations. During the transport, birds are exposed to a variety of stressors such as microenvironmental conditions, accelerations, vibrations, impacts, noise, fasting and withdrawal from water Abeyesinghe et al., 2001; Schwartzkopf-Genswein et al., 2012; Jacobs et al., 2017) . The consequences of these stressors depend upon the age and type of birds concerned (EFSA, 2011) . The major threat to animal welfare during trasport is the thermal condition (Weeks and Nicol, 2000; Elrom, 2001; Nilipour, 2002; Chauvin et al., 2011; Vecerek et al., 2016; Caffrey et al., 2017) . Hour and method of catching, hour and length of journey, lairage duration, stocking density, age and sex of birds are possible risk factors for poultry mortality suggested by different authors (Bayliss and Hinton, 1990; Chauvin et al., 2011; Caffrey et al., 2017) . Sick animals are more susceptible to transport stress because they are not able to cope with the adverse conditions (Knowles, 1994; Jacobs et al., 2017) . The inspection of birds before the loading is essential to ensure their fitness for transport (EC Regulation No 1/2005) . In the broiler, according to Nilipour (2002) , the pre-existing flock health status, the injuries from catching, loading and transport, and the heat or cold stress contribute for 25, 35 and 40% to pre-slaughter mortality, respectively.
Stocking density is another crucial factor for bird welfare in the pre-slaughter phases whose increase can lead the relative humidity (RH) due to water evaporation from the respiratory tract, skin and excreta to raise (Nijdam et al., 2004) . This causes a more difficult heat loss and facilitates the hyperthermia during the hot season (Dawson and Whittow, 2000) . According to the EC Regulation No 1/2005 (Annex I, chapter VII, point E) the required surface for each kg of live weight in cage should be related also to the physical condition of birds, the weather and the likely journey time. This consideration is consistent with the EFSA opinion (2011) according to which the number of broilers in crates should be limited when external temperature is higher than 22°C. On the other hand, in the colder seasons a high stocking density during the journey may have a beneficial effect: in this condition some metabolic heat would be produced warming the air and reducing the risk of death from hypothermia (Strawford et al., 2011; Caffrey et al., 2017) .
After the transport, cages should be placed for a suitable lairage time in the holding area with environmental monitoring systems, in order to allow fresh air to circulate through the crates (Quinn et al., 1998) . Nijdam et al. (2004) and Caffrey et al. (2017) proved that the risk of death raises as the lairage time increases. However, different authors (Petracci et al., 2006; Vieira et al., 2011; Grilli et al., 2015) found that the waiting time does not affect the mortality rate if the environmental conditions are controlled in the holding area.
The season significantly influences mortality, with the highest incidence in summer (Petracci et al., 2006; Vecerek et al., 2006) and in winter (Vecerek et al., 2006; Verecek et al., 2016) . Heat stress as well as cold stress could be exacerbated by a long journey and inappropriate stocking density (EFSA, 2011; Caffrey et al., 2017; Jacobs et al., 2017) . The genetic selection in broiler chickens has resulted in major improvements in growth rates and production efficiency but it was also associated with a reduced resistance to thermal stress (Broom, 2005; Sandercock et al., 2006; Mitchell and Kettlewell, 2009 ) and more in general to a worsening of their welfare status (Meluzzi and Sirri, 2009 ). Warriss et al. (1992) found that the broiler mortality was 0.156 and 0.283% for journey lasting less than 4 and more than 9 h, respectively. These results are in accordance with the findings of Bianchi et al. (2005) according to which the poultry mortality for journey duration lower than 3.5 h, between 3.5 and 5 h and longer than 5 h was 0.24, 0.41 and 0.45%, respectively. In a similar study, Vecerek et al. (2006) found DOA rates of 0.146 and 0.862% for journey distances shorter than 50 and longer than 300 km, respectively. According to Nielsen et al. (2011) the time spent on the vehicle seems to affect broiler mortality more than the distance driven. Finally, Nijdam et al. (2004) observed a higher rate of mortality for large broilers respect to small ones.
Since few scientific researches regarding the pre-slaughter mortality in different broilers types were conducted in the Mediterranean climatic conditions, further investigations could be useful. For this reason, the present survey was focused on the values of DOA recorded in three different size categories of broilers (small, medium and large) slaughtered throughout a whole solar year in a processing plant of Central Italy. Particular attention was paid to the effects of the weather conditions, the journey length and the waiting time in the abattoir, on the pre-slaughter mortality for different broiler sizes.
Materials and Methods
The evaluation of the main risk factors associated to broiler pre-slaughter mortality was carried out analysing the documentation of 2012 slaughter activity, held by the Official Veterinary Authority. No direct experiments were realized to animals.
Broilers
The survey covered all the batches of 
Origin of broilers, loading and transport system
The animals came from farms located mainly in regions of the central Italy (Marche, Umbria, Lazio and Abruzzo), all equipped with mechanical caging systems in modular crates (1.20m x 1.40m x 0.30m) of plastic material with perforated walls and floor for ventilation (4 S-5 S, Stork, Germany).
The transport was performed by trucks with passive ventilation at different times of the day with the exception of large size broilers which were transported mostly at night.
Waiting Time
After the unloading, the cages were transferred by forklift truck in the waiting shed, consisting in an area delimited by three roofed walls. This area was equipped with a cooling system consisting in panels through which a flow of cold water was automatically activated when the internal temperature of the holding area exceeded 20°C and in 19 fans with an air flow of 30,000 m 3 /h each (Gigola and Riccardi Spa, Italy). The broilers were uncaged and slaughtered within 12 h of arrival.
Data processing and statistical analyses
For each batch the following data were recorded and stored in a database: date of slaughtering, place of departure, time of loading, time of arrival, number of animals for batch, average body weight, journey time, waiting time, number of animals found dead at the time of uncaging, and the space at floor on cages for each broiler. Data were obtained from the transport documents and from the electronic slaughter register, filled out daily by the Official Veterinarians.
In order to find the impact of the weather conditions on poultry pre-slaughter mortality, the DOA rates referred to the totality of broilers and to the three different size categories were calculated in winter, spring, summer and autumn.
Moreover, the study was completed by grouping the data referred to the journey length in 4 categories (<2, 2-4, 4-6 and 6-12 h), and those referred to the waiting time in 5 clusters (<2, 2-4, 4-6, 6-8 and 8-12 h) to investigate the effects of these two risk factors on mortality percentage. As for journey length, the time spent on the vehicle was chosen as a measure instead of the distance driven because the former seems to affect broiler mortality at a higher extent (Nielsen et al., 2011) . Finally, the space allowance in cages was calculated and compared to values established by the EC Regulation No 1/2005. The values of live weight (kg) were obtained by multiplying the average body weight of broilers for the average number of animals in one cage. The available space for each kg of live weight was found by dividing the value of the crate surface to the previously calculated value.
The descriptive statistical analysis was performed using the Microsoft Office Excel software (Microsoft Co., Redmond, WA, USA). The minimum, weighted average, maximum values and standard deviations of the journey length, waiting time and mortality were calculated for the totality of birds and for each broiler category. Moreover, for each value of DOA referred to the totality of broilers from different batches subjected to the same journey length and lairage time, the mean value and standard deviation were calculated in order to study their effects on the mortality rate during the 
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Results
Dead on arrival
The mean incidence of DOA found throughout the year was 0.38%, with minimum and maximum values of 0 and 11.70%, respectively. Specifically, the average values of DOA observed in winter, spring, summer and autumn were 0.52, 0.48, 0.31 and 0.22%, respectively. Moreover, a mortality rate of 0.52, 0.47 and 0.31% was recorded in large, medium and small broilers, respectively. The percentage of mortality, for each broiler size category, during different seasons is presented in the Figure 1 . Table 2 summarises the minimum, mean, maximum values and standard deviation of the journey length, waiting time and mortality for the totality of broilers and for the three weight categories.
Journey length and waiting time
Results show that the transport and lairage length lasted overall 7.12 h on average. Further analyses of results indicate that the transport and lairage duration were less than 6, from 6 to 8, from 8 to 12 and over than 12 h for the 36.7, 28.6, 28.2 and 6.5% of broilers, respectively. The percentages of broilers, which travelled for less than 2, between 2 and 4, 4 and 6, 6 and 12 h were 48.7, 37.3, 9.8 and 4.2%, respectively. Therefore, the journey duration was less than 4 h for the 86% of animals. The 19, 31.4, 26.2, 16.6 and 6.8% of birds were subjected to a waiting time of less than 2, from 2 to 4, 4 to 6, 6 to 8 and 8 to 12 h, respectively.
Data on the influence of the journey length and the lairage time on DOA of the three broiler sizes, during the different seasons, are reported in Tables 3-5 . In these Tables the P value (lower than 0.01 or 0.05) was specified for each mortality rate. It must be pointed out that all reported values were highly significant (P < 0.01) with the exception of the average mortality percentage observed in medium broilers transported for 6-12 h after a waiting time less than 2 h, during summer (Table 4) .
Space allowance in cages and seasonal average temperature
The space allowance in cages for each Table 6 . Finally, 
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Discussion
Dead on arrival
The average DOA considering all the three broiler sizes was 0.38% and the lowest DOA values were observed in autumn. Similarly, Petracci et al. (2006) and Vieira et al. (2011) reported an average mortality rate of 0.35 and 0.33%, respectively, and the lowest values in the same season. Similar mortality rates (0.37 and 0.39%, respectively) were reported also by Vecerek et al. (2016) in Czeck Republic and by Caffrey et al. (2017) in Canada. However, in this research summer and winter exhibited, respectively, lower and higher mortality rates than the values reported in the studies of Petracci et al. (2006) , who carried out the survey in Italy in the same climatic conditions as those reported here, and Vieira et al. (2011) , who performed the research in Brasil, under different climate. The results of the present study agree with the outcomes of different authors (Tabbaa and Alshawabkeh, 2000; Vecerek et al., 2016) , who noted the highest mortality of broilers in winter even in very different climatic conditions (in Czeck Republic and Jordan, respectively).
The highest number of DOA was observed during winter in all the three broiler groups but was variable in the other seasons as summarized in Figure 1 . The mortality of small size broilers was minimum in summer, intermediate and similar in spring/autumn, and was constantly the lowest in all seasons among the three size categories. Medium size chickens showed the minimum DOA values in spring, higher in summer and intermediate in autumn, and the maximum values among the three groups in winter.
The mortality rate in the large size group showed a gradual reduction from winter to autumn and was the highest among the three groups in spring, summer and autumn.
Large broilers
For journey length lower than 4 h, the mortality in summer was not affected by the waiting time. Large broilers could wait for long time before slaughtering without significant consequences. Otherwise, for journey length over 4 h, it is recommended to slaughter those animals within 2 h after their arrival into the plant. However, the waiting time before slaughtering had a reduced impact on the mortality rates in any case, probably thanks to the positive effects of the environmental control system in lairage facility. During winter, the DOA of large broilers was negatively influenced by long journeys. The transport longer than 6 h was always associated to the highest mortality rate within the same group. On the contrary, the lairage duration did not affect the DOA, which did not present significant increasing trends. During spring and autumn, the negative correlation between the waiting time and the mortality rate was evident only for batches transported for 2-4 h and less than 2 h, respectively.
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Medium broilers
In summer the mortality of medium broilers was not influenced by the transport length. The waiting time up to 6 h had not a negative impact on DOA, whereas longer intervals caused a relevant increase of mortality. Therefore, the benefits of the cooling system in the waiting shed were not evident in medium broilers subjected to a lairage longer than 6 h. During winter, the lowest values of DOA were associated to travels shorter than 2 h and waiting times up to 4 h. Journeys longer than 2 h caused a mortality rate regularly above the average value. The negative impact of waiting time on DOA was observed in spring and autumn for the journey lengths of 2-4 h and 4-6 h, respectively, whereas the transport duration affected the mortality in the case of waiting times less than 2 h and of 6-8 h, respectively.
Small broilers
In summer, DOA of small size birds was constantly below the average value observed during the year. The lairage length did not influence the mortality rate, while the increase of transport time caused a higher number of dead on arrival for waiting time less than 2 h and from 8 and 12 h as in winter. The minimum values of mortality in winter were found for transport lengths lower than 2 h regardless of the waiting time. In spring and autumn, the lowest mortality rate was observed for journey length less than 4 h, regardless of lairage time. Transport duration could be a risk factor for broilers subjected to a waiting time of 8-12 h in spring and 2-4 h, 8-12 h in autumn.
Journey length, waiting time and season
Results confirmed the greater resistance of small broilers to long journey and waiting time, compared to medium and large ones. Indeed the mortality rate in the small bird group was generally lower than in the other two groups. This can be probably related to the higher susceptibility to stress of broiler chickens selected for rapid growth rates and to the more frequently impaired health status of heavier birds compared to smaller ones (Sandercock et al., 2006) . Results showed also the benefits of the cooling system installed in the lairage facilities. Indeed, during summer the increase of lairage times in a controlled holding area did not overall represent a risk factor, but rather a mean to reduce the mortality, with the exception of waiting time longer than 6 h for medium broilers. This supports the findings of Vieira et al. (2011) according to which the increasing of the waiting time in a controlled lairage facility is a practical approach to reduce the mortality because it allows the birds to return to thermal balance and therefore enhance the survival rate.
Data collection pointed out the greater resistance of small birds to long journeys and waiting times, indeed the mortality rate of this poultry group is generally lower than the two others. Contrary to the results reported by Prado-Rebolledo et al. (2012) , journey length and lairage time could have a negative impact on broiler mortality. As reported by some authors (Elsayed, 2014; Caffrey et al., 2017) , the outcomes demonstrated that the increase of transport duration could cause a higher mortality rate, whereas the extension of the lairage time under controlled conditions did not seem to be a risk factor. Although the summer temperature in 2012 was 3.4°C higher than the seasonal average value recorded in the previous four decades, the mortality rate was moderate, probably due to the efficiency of the environmental control system on lairage facilities. On the opposite side, the winter temperature was 0.5°C lower than the historical mean data, and the DOA was significantly above the values noted in the other seasons and in the study conducted by Petracci et al. (2006) in the same climatic conditions. During 2012, the mean temperature and DOA of spring were 2.2°C lower and 26% higher than the values observed in autumn, respectively.
In the present study journey length up to 2 h and lairage time up to 2 h showed constantly low mortality rates with the exception of large broilers, particularly in winter. Differently, some authors (Vecerek et al., 2016) observed that birds transported over short distances (up to 50 km) showed a higher mortality than those transported over longer distances (from 51 to 100 km). This observation can be explained assuming that during short transport broilers do not have sufficient time to recover partially from the stress of handling, loading and travelling (Vosmerova et al., 2010) , and considering that it takes about one hour (Voslarova et al., 2011) . Anyway, it must be pointed out that mortality rates after short journeys (less than 50 km) can be strongly affected by transport carried out directly by farmers to whom EC Regulation No 1/2005 does not apply.
Although long journey is more likely to compromise animal welfare than short one (Nijdam et al., 2004; Vecerek et al., 2006; Voslarova et al., 2007; Vecerek et al., 2016) , it is not the only factor involved as demonstrated by Nielsen et al. (2011) . Chauvin et al. (2011) did not observe any effect of transport length on DOA, probably due to the short distances recorded in their study (75 km on average). Obviously, the pre-slaughter mortality is not only related to the environmental conditions, physiological characteristics of birds, design of transport means and processing plants but also to the competence and experience of all the personnel involved in animal handling and transport (Caffrey et al., 2017) .
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Space allowance in cage
The space allowance in crates for each kg of poultry observed in the present study was higher than the value established by EC Regulation No 1/2005. It must be pointed out that the respect of this aspect is a crucial factor to safeguard animal welfare (Nielsen et al., 2011) and thus DOA percentage (Chauvin et al., 2011; Jacobs et al., 2017) .
Conclusions
In conclusion, the observation of high DOA percentage is an important issue for poultry industry not only because of the relevant economic loss in itself, but also considering that a high DOA value is related with many factors that can raise and act at any step of poultry production chain, from the farm to the slaughterhouse. Indeed, a wide number of risk factors associated with DOA have been identified and some of them not directly related to the transportation process.
In case of adverse thermal conditions, it is recommended that small broilers are handled and transported instead of medium and large birds because the mortality rate of the first group is clearly lower for all seasons of the year, compared with the other two groups. Otherwise, extra measures should be taken for transport carried out under cold temperatures, as suggested by Vecerek et al. (2016) .
The planning of the slaughtering activity should consider the relationship between the resistance to the hostile weather conditions, journey durations, waiting times and the body weight of broilers. Finally, the control of the environmental conditions on lairage facilities and the evaluation of the weather forecast, especially in the planning of long transports, can help to reduce the DOA due to thermal stress.
In order to help all operators (farmers, drivers, local veterinarians, abattoir staff, transport organizers, competent authorities and policy makers) to ensure sufficient protection for the animals being transported by providing practical tools to meet the requirements of the Regulation and to deliver practices which go beyond legislation, a guide for the transport of poultry, commissioned by DG SANTE, has been recently produced within the framework of the Animal Transport Guides Project (Consortium of the Animal Transport Guides Project, 2017). Its main aim was to develop and disseminate good and better practices for transportation also to reduce pre-slaughter losses.
Finally, the considerable complexity of the topic makes many further studies necessary to investigate deeper and deeper all aspects involved in affecting preslaughter mortality in broilers in order to help farmers and operators to identify the most significant ones and to prevent them at all steps of production chain.
